Background: Screening colonoscopy has been offered in Germany since the end of 2002. Our aim was to estimate numbers of colorectal cancers prevented or detected early by screening colonoscopy in 2003-2010. 
Methods: Participation rates and prevalences of advanced adenomas and colorectal cancers at screening colonoscopy in [2003] [2004] [2005] [2006] [2007] [2008] were obtained from the national screening colonoscopy database by age, sex and calendar year. For 2009 and 2010, levels were assumed to remain at those observed in 2008. These data were combined in Markov models with population figures and estimates of transition rates from advanced adenomas to preclinical colorectal cancer and from preclinical cancer to clinically manifest cancer, accounting for total mortality.
Results: An estimated total number of 98 734 cases of colorectal cancer at ages 55-84 years are expected to have been prevented in Germany by removal of advanced adenomas by the end of 2010. These cancers might have become clinically manifest a median time period of 10 years after screening colonoscopy. Another 47 168 cases are expected to have been detected early at screening colonoscopy, often in a curable stage.
Conclusion: Despite limited participation, the German screening colonoscopy program makes a major contribution to prevention and early detection of colorectal cancer. 
B
owel cancer is the second most common type of cancer and the second most common cause of death from cancer in Germany, in both men and women. On the basis of the latest data from the epidemiological cancer registries in Germany, the total numbers of new cases and deaths in 2006 were estimated at 68 740 and 27 125 respectively (1) . More than 91% of new cases were in patients over the age of 55. Because bowel cancer develops slowly, via precursors which are easy to detect and completely curable, the chances of preventing it and detecting it early are significantly better than for other types of cancer.
The most important screening procedures are the fecal occult blood test and bowel endoscopy (2) . Screening colonoscopy has been offered as part of cancer screening in Germany since October 2002. It is available to men and women aged 55 and older. If first performed before the age of 65, it can be repeated after 10 years (3).
The Central Associations of Statutory Health Insurance Funds and the National Association of Statutory Health Insurance Physicians have linked the introduction of screening colonoscopies with a request to the Central Research Institute of Ambulatory Health Care in Germany (Zentralinstitut für die kassenärztliche Versorgung, ZI) for accompanying scientific research. Standardized reports of performed screening colonoscopies are gathered and evaluated at the ZI. As As payment for screening colonoscopies is contingent on submission of standardized reports, it can be assumed that all reports are entered (following some slight underascertainment initially).
This article aims to estimate the number of cases of colorectal cancer prevented or detected early up to the end of 2010 on the basis of currently available registry data. In this way the authors would like to make a contribution to assessing the impact of screening colonoscopies in the prevention and early detection of bowel cancer in Germany.
Materials and methods

Detected and removed advanced adenomas
In the first stage of our analyses, the number of screening participants in whom at least one advanced adenoma had been detected and removed as a result of screening colonoscopy was estimated. Advanced adenomas are direct precursors of colorectal cancer and if untreated progress to colorectal cancer within 10 years in approximately 30% to 40% of cases (4) . Adenomas are classified as advanced if they are at least 1 cm in diameter or show a villous structure or a high degree of dysplasia.
The number of screening participants with advanced adenomas was calculated, stratified according to age, sex and calendar year, for the years 2003 through 2008 as products of the corresponding numbers in Germany's population (5), the screening colonoscopy participation rates, and the prevalences of advanced adenomas. Prevalences were based on 2.82 million screening colonoscopies at ages ranging from 55 to 84 years in the national registry kept at the ZI. The average annual participation rate for the age range examined was 2.6% of those entitled to screening colonoscopies. The number of participants in whom existing colorectal cancer was detected early as a result of screening colonoscopy was estimated analogously, on the basis of the prevalences of detected carcinomas. For 2009 and 2010, for which not all national registry data are yet available, the corresponding numbers of detected advanced adenomas and carcinomas were calculated on the basis of population forecasts by the German Federal Statistical Office (5) and on the assumption that participation rates and prevalences remained constant between 2008 and 2010.
The registry kept at the ZI contains the screening colonoscopy data of the vast majority of the statutory health insured population entitled to screening (approximately 90%). Screening colonoscopies are also offered along similar lines to people with private insurance, but there are is no comparable registration of colo noscopy records for them. The calculations provided here were therefore based on the assumption that the participation rates and prevalences ascertained from ZI documents apply to the population as a whole.
Prevented colorectal cancer
Next, in the second stage, the number of cases of prevented preclinical carcinoma in the age range 55 to 84 years was estimated, again stratified according to age and sex. Estimates were derived from a Markov model in one-year steps from the age at which the adenoma was removed to a maximum of 85 years of age. Age-and sex-specific transition rates, which had been estimated in an earlier paper on the basis of cancer registry data (4), and age-and sex-specific death rates for the Federal Republic of Germany from 2004 to 2006 (5) were used as the basis for this.
Finally, in the third stage, the number of cases of prevented clinically manifest carcinomas in the age range from 55 to 84 years was estimated, once again stratified according to age and sex. Here again, a Markov model was used with one-year steps from the age of onset of preclinical carcinoma to a maximum of 85 years of age. Calculations were based on an estimated average duration of 3.6 years for the preclinical phase of colorectal carcinoma (corresponding to an annual transition rate from the preclinical to the clinical phase of 17.5%) (6, • Age-and sex-specific rates of participation in screening colonoscopy and prevalences of advanced adenomas in the population as a whole are the same as the figures for people with statutory health insurance.
• Annual transition rates from advanced adenomas to preclinical carcinomas are as shown in Table 2 (sensitivity analyses: transition rates 20% higher or lower).
• Annual transition rates from preclinical adenomas to clinically manifest carcinomas: 17.5%, corresponding to a median preclinical phase duration of 3.6 years (sensitivity analyses: 14%, 21%).
• Age-and sex-specific death rates of screening colonoscopy participants are the same as the national averages from 2004 to 2006 (sensitivity analyses: 10% lower).
• Not examined:
-Carcinomas prevented by detection and removal of non-advanced adenomas -Carcinomas prevented by detection and removal of advanced adenomas in subsequent follow-up colonoscopies -Carcinomas prevented by detection and removal of more than one advanced adenoma -Onset of carcinomas following incomplete removal of advanced adenomas or advanced adenoma recurrence -Carcinomas which would have been detected by other means (e.g. by chance or in other diagnostic procedures) before clinical manifestation 7) and, again, the age-and sex-specific death rates from 2004 to 2006 (5). Consideration of the death rates ensures that only cases of bowel cancer which would have become clinically manifest during patients' lifetimes are included. For a fuller description of the modelling principle used here, the authors refer to earlier papers (8, 9) . The assumptions which underlie the authors' projections are summarized in the Box. In order to assess the sensitivity of estimates regarding the assumptions made, the authors repeated the analyses and used death rates 10% lower in order to allow for the potential effect of an expected further increase in life expectancy. The authors also altered the transition rates from advanced adenoma to preclinical carcinoma (4) and from preclinical carcinoma to clinically manifest carcinoma, which were based on the estimates in earlier papers (6, 7) , by ±20%. Table 1 shows the estimated numbers for men and women in whom a colorectal carcinoma was detected early or at least one advanced adenoma was detected and removed up to the end of 2010 through the use of screening colonoscopy. The estimated number of carcinomas detected early is 47 168. More than 60% of these were in men, and the median age of participants with carcinomas detected early was within the range 65 to 69 years. The estimated number of participants in whom no carcinoma was found but at least one advanced adenoma was detected and removed is almost 330 000. Here too, approximately 60% of cases were in men, and more than half of cases were detected in the age groups 60 to 64 and 65 to 69 years.
Results
Although most colorectal carcinomas progress from advanced adenomas, not all advanced adenomas would progress to clinically manifest carcinomas within patients' lifetimes. As shown in Table 2 , the estimated annual transition rates from advanced adenomas to preclinical carcinomas in those aged under 65 are only around 3%. Although they increase with age, even in those aged over 70 they only reach around 5%. The (age-independent) average duration of carcinomas at a preclinical stage is estimated at approximately 3.6 years (6, 7).
Nevertheless, as shown in Table 3 , the number of carcinomas prevented by removal of advanced adenomas-i.e. carcinomas which one would expect to have become clinically manifest within patients' lifetimes and before the age of 84 if the adenomas had not been removed-is almost 100 000 in total. Once again, around 60% of cases are in men. The median time between colonoscopy and carcinoma manifestation expected without colonoscopy and removal of advanced adenoma is 10 years.
The peak for carcinomas prevented by colonoscopy and removal of advanced adenomas is in the age groups 70 to 74 and 75 to 79 years (median: 74 years, Table 4 ) compared to a peak in the age groups 60 to 64 and 65 to 69 for advanced adenomas and carcinomas detected early by screening colonoscopy.
The numbers and age range for carcinomas detected early and prevented by screening colonoscopy are displayed in the Figure. In sensitivity analyses, the assumption of a 10% fall in total mortality leads to only a comparatively small increase in the total number of cases prevented (from 98 734 to 101 938). Changes in the transition rates from advanced adenomas to preclinical carcinomas or the transition rate from preclinical carcinomas to clinically manifest carcinomas of ±20% resulted in variations in the number of clinically manifest carcinomas prevented between 83 304 and 112 516 and between 90 086 and 105 231 respectively.
Discussion
With the introduction of screening colonoscopy at the end of 2002, Germany embarked on a completely new course in colorectal cancer prevention and thereby took on an internationally leading role (10, 11) . Swift evaluation of the achieved results should be a matter of urgency for health policy-related decisions regarding extension of and possible changes to the program. As the model calculations presented here show, monitoring the development of incidence and mortality rates alone is of only limited use for this, as many of the expected effects concerning prevented carcinomas only become fully appreciable following a long latency period. In addition, changes in incidence rates are also obscured by predated diagnosis of carcinomas which are detected early, particularly in the initial years of the screening program (12, 13) . The model calculations presented here are therefore intended as an additional timely contribution to interim appraisal of screening colonoscopy in Germany after eight years.
According to our estimates, between 2003 and 2010 almost 100 000 cases of colorectal cancer were prevented by the detection and removal of advanced adenomas. This figure is almost twice the annual number of new cases of bowel cancer observed to date in the age group 55 to 84 (1). In addition, in almost 50 000 participants existing colorectal cancer was detected earlier and therefore much more frequently at a curable stage. In cases of colorectal cancer diagnosed through the use of screening colonoscopy, the proportion of cases detected at stages I or II is approximately 70% (14-16), whereas according to data from population-based studies this proportion is generally less than 50% (17) . Early detection of these cancers should therefore have made a further significant contribution to reducing colorectal cancer mortality.
As in all the model calculations, the underlying assumptions and their effect on the results must be interpreted with care. The ZI's nationwide documentation of screening colonoscopy provided the authors with a unique data source with which to estimate ageand sex-specific participant rates and prevalences of carcinomas and advanced adenomas for the years 2003 to 2008. The corresponding data for 2009 and 2010 were not yet available when this analysis was carried out, and so the data for 2008 were used instead. In view of the great consistency of these parameters from 2003 to 2008, this procedure seems justified, and any moderate changes in these figures in 2009 and 2010 would have only a comparatively small effect on the estimated total numbers of prevented carcinomas and carcinomas detected early. Continuation of the observed trend towards somewhat higher prevalences of advanced adenomas (18) would result in a somewhat increased number of prevented carcinomas.
ZI documents only screening colonoscopies of those with statutory health insurance. In our analyses, we assumed comparable participation rates and prevalences of conspicuous findings in the rest of the population, most members of which were privately insured. As this concerns only a minority of approximately 10% of the population, even if there were major discrepancies from the assumed participation rates and prevalences,
TABLE 4
Expected numbers of participants in screening colonoscopy in whom a clinically manifest carcinoma was prevented before the age of 84 by detection and removal of an advanced adenoma between 2003 and 2010 (stratified according to age at manifestation of carcinoma) 
TABLE 2
Estimated annual transition rate (%) from advanced adenomas to preclinical carcinomas (stratified according to age and sex) (source: [4] this would not have a substantial effect on the estimates given here for prevented carcinomas in the population as a whole.
Using a conservative approach, we based our main analysis on mortality rates that were assumed to remain constant over time. However, it would probably be more realistic to assume the decades-old trend towards falling mortality to continue. As shown by sensitivity analyses, this would yield somewhat higher numbers of prevented carcinomas and carcinomas detected early. Sensitivity analyses also show that the order of magnitude of the estimates does not change significantly even if there are major variations in the underlying transition rates from advanced adenomas to preclinical carcinomas and from preclinical carcinomas to clinically manifest carcinomas.
One thing not covered by the analysis was the additional prevention of colorectal cancer as a result of the detection and removal of non-advanced adenomas. The number of such cases is significantly higher than the number of detected and removed advanced adenomas. Although the transition rates of these adenomas into carcinomas are significantly lower, their removal also makes a substantial contribution to bowel cancer prevention in the long term. Also excluded from the analysis were the prevention of colorectal cancer in those over 84 years of age and the detection and removal of multiple advanced adenomas in a single person. This is another reason why the figures for prevented carcinomas are conservative estimates.
Our analyses cannot and should not replace a comprehensive cost/benefit assessment of screening colonoscopy. Cost/benefit analyses already available and the rapidly rising costs of chemotherapy suggest that savings achieved due to prevented cases of colorectal cancer significantly exceed the costs of screening colonoscopy, including the cost of treating complications and follow-up examinations after polypectomies (12, 19 ). An analysis of 245 000 outpatient colonoscopies in the German federal state of Bavaria revealed 69 cases of intestinal perforation (0.03%), 50 of which required surgery, and three deaths due to cardiorespiratory complications (0.001%) (20) . Even if additional complications in the preparatory phase and in the time following colonoscopy are taken into account, frequencies of severe complications will therefore likely be very substantially lower than the expected frequencies of prevented carcinomas and deaths associated with them.
Limitations
When interpreting the estimates, it should be borne in mind that they only take into account carcinomas prevented by removal of advanced adenomas as a result of primary screening colonoscopies. Other carcinomas were prevented by detection and removal of advanced adenomas following colonoscopies performed in order to clarify positive results of fecal occult blood tests or pain. There were substantially more of these "curative colonoscopies" than screening colonoscopies (20) . Although reimbursement schemes make a distinction between screening colonoscopies and curative colonoscopies, it is often impossible to be sure of the reason for a colonoscopy. This is because on the one hand patients may opt for a screening colonoscopy because of initial symptoms, for example, and on the other hand they may abstain from undergoing screening colonoscopy because a curative colonoscopy may already have been performed (21) . The increasing numbers of curative colonoscopies performed even before 2003 might also explain the fall in incidence of colorectal cancer observed in the meanwhile (1).
Conclusion
Despite limitations due to the available data and the uncertainties regarding the assumptions on which the projections are based, the analyses do show that screening colonoscopy has already made a major contribution to the prevention of colorectal cancer in its first eight years, even if the effects only become noticeable after a certain latency period in the form of reduced incidence rates. According to an earlier analysis, only approximately 15 000 of the nearly 100 000 prevented cases of bowel cancer in the age group 55 to 84 would have become clinically manifest by the end of 2010 (8) . It is striking that these major effects were achieved even with the still rather low participation rates: approximately 3% of those entitled every year. Much greater effects would be achieved if uptake of screening colonoscopy could be further improved. On the basis of the experience of other countries and other screening programs, this could probably be done via an organized screening program with targeted invitation of those entitled to take part. As part of the German National Cancer Plan, recommendations for gradually moving forward such a program are currently being developed. In addition, a concurrent thorough scientific evaluation of the screening program is important. This should contain a comprehensive, further differentiated (for example, by location of cancer) assessment of its effectiveness (22) (23) (24) , possible risks (19) , and costs and benefits (13, 19, 20) . 
